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PROCEDURE3’ORDETERMININGSPEED AND CLIMBING

PERFORMANCEOF AIRSHIPS

By F. L. Thompson —

SUMMARY

The procedurefor obtaining.ai.r-speed and rate-of-
climb measurementsin performancetests of airsIi~iiis de-
scrf%ed. Two methods of obtaining s-peedmeasurements,one
by means of instrumentsin the airship and the other by
flight over a measured ground course,are explained. In- .
struments,their calibrations,neces5aT~E7!mrectionfac-
tors, observations,and calculationsare detailed fbr each
method, and also for the rate-of-climbtests-.

A method of correctionfor the effect on density of
moist air and a descriptionof other nethods of speed-
course tes”tingare appended. . .

..—_

INTRODUCTION

The procedure required to obtain accuratemeasure-
ments of air speed and rate of cIim% in p=formance tests
of airships is describedherein for the instructiona~d
guidance of thosewho, without having had the benefit--o-f
previous experience,are required to conduct such te.sti;
Since it is”importantthat those-whoconduct the tests
should appreciatethe necessityof following the correct
procedure in al”ldetails, the basis for ,therecommended
procedure,as well’-asa-noutline of it, is briefly given. -.
The paper is writtenin an elementaryform and the test
procedure is outlined in considerabledetail so as to min.- ,,
imiz”eas far as posbible the necessityfor previous‘kno,wl-
odge of the factors involvedand to avoid the possibility
of ‘errorin followingthe correctprocedure.

The general methods of measuring the air speed in
flight are: by mean’sof instrumentsattached to the air-
ship and by means of‘timedflight over a..measuredcourse
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on the ground. The instr~mentmethod may employ one of—
the numerous types of air-speedhead that measu~e the dy-
namic pressure,from which instantaneousvalues of tho
true air ‘speedcan ?M c“aiculatodwhen “theair density is
known, or a windmill type of instrumentindependentof the
air density that gives a measure of either the instanta-
neous or the average true air speed directly,depending
on the type of mechanism. “Various.types of air-speedin-
strumentsare described in reference1. The speed-course
method may employa straightor a triangularcourse. In
either case an average value of=-trueair speed Is deduced
from the results; the accuracyof the measurementsis l“arge-
lY dependenton wind conditions. The procedure outlined
herein will be confinedto cases in which the instrument
method with a pitot-statichead i’semploye~and in which
the ‘speed-coureemethod with either a straightor a tri-
angular courso is use”d.

Rate-of-climbmeasurementsaro made by recordingthe
rate of change of barometricpressurewith time, which is
then convertedto a rate of change of “altitudewith time
in accordancewith the change of pressurewith altitude
for observedair densities.

It will frequentlybe necessaryin describingthe
*

procedurefor determiningair speed and rate of climb to
“pressurealtitude,”andrefer to “standardatmosphere,” d

‘*densityaltitude.” The standardatmosphereis defined
in reference2 and representsapproximatelyaverageatmos-

L

pheric conditionsas regardsrelationsbetween true alti-
tude, pressure,temperature,and density. In any actual
case there may be a considerabledeparturefrom these av-
erage conditions. The term “pressurealtftude’*is the
altitudein the standardatmospherecorrespondingto an
observedbarometricpressure;“densityaltitude” is the
altitude In the standardatmospherecorrespondingto an
observeddensity. Since altimetersare instrumentsactu-
ated solely by pressurechanges,they can be used to,ob-
tain pressurealtitudedirectly. Densityaltitude can be
calculatedwhen the pressureand temperatureat a given
height are known. For conveniencein making the calcula-
tions subsequentlydescribed,figures1 and 2, showingthe
relationsbetweenpressureand density in the standardat-
mosphere,are “included. The true altitude,which is of
practicallyno importancein the present case, can be de-
terminedaccuratelyoniy when the pressureat a given
height and the ttim~eraturesat all altitudesbelow this
height ara’known. (Sea reference3.)
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.41R-SFI!H3DlZASURXMENTS,,
. . . “InstrumentMethod

..

gg~ect of velocity fiel&.- The velocity of”the air
relativeto an a-irshipin flight is influencedover a wide
field.by the presence of the airship and control car-or
other protuberances ~he local velocityat any point is
dependenton the shape.of the airship and protuberances,
on the locationof this point relativeto the body or bed- -
ies causing the disturbance, and on the directionof the
relativewind. In addition to this generalvelocityfield,
which extends to a great.distance in all directions,there”
is.the so-called“%oundarylayer” of air close to the body
in which the velocity is retardedby friction. Although
this boundarylayer increasesin thicknessfrom the bow to
the stern,it is relativelythin and easily avoided in
making measurementsof air speed.

The general,nature of “the-velocityfield close to the
hull is indicatedby,the distributionof normal pressure
on the hull. At the bow and stern the normal yress’ures
are.higher,than true static, and the velocitiesin these
regions are correspondinglylower than the true air speed
by as much as 10,0.porcont.Amidships the normal pressures
are less than true Sjatic and the velocitiesare corre-
spondinglyhigher than the true air speed by as-much<as
a%out 10 percent. Between these regions of low apd high
velocity there are marginalregions in which the true air
spe~d yrevails, @t they are of small practical signiff-
c’anteas regardsair-speedmeasurements. The locationof

\ these marginal regions is dependenten the t-rimof the

x
irshipand local irregularitiesof contourand, further-
ore,.,”testswould %e requiredto establishthe location
for tinygiven trim condition. .

In order to avoid the effect of the velocity field,
it is necessaryto place the air-speedhead used in speed
trials at a considerabledistance from the airship. An
indicationof the distance that is required is shown in
figure 3. The curves s~own in this figure apply to cal-
culatedvalues for the U.S.S. Akron hull at zero pitch
and, although they.do not apply exactly to other airships~
they can be regardedas approximatelyrepresentativeof
the general case. As shown in the figure;“%gyondthe dis-
tance of 1-1/2 diarnetc.rsfrom,the midship sectionthe er-
ror in local velocity becomes very small. Thus with an

-.

—-

-

.

.—

.
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airship such as the TC-13 (mhximumdiameterof 54 feet)~ a
suspensionlength of 75 to 100 feet, which is a practica-
ble length,seems to insure sati..sfa”ctoryresults. It
should be noted that the actualdistance from the airship
to the suspendedinstrumentwill be appreciablyreduced by
a curvatureo~the cable in flight.

Pitot-statichead.- Theoretic~llythe pitot-static
head has two openings,one of which is.normal to the air
streamand is su%jectedto the total or impact--’essureureP
caused by bringingthe air torest, whereasthe other open-
in~ ie parallel to t-heair atieam and is su%jectedto the
static~ressure p. The relationb’etweenthese two pres-
sures is P =p+*pVa where p is the mass densityof
the air and V is the true air speed. The two openings
in the pitot-statichead are connectedto”a pressuregage
that records the differencebetweenthese pressures,
+pv’=q, which is definedas the dynamicpressure.
This ideal conditionis seldom exactlyre”alized,owing to
the structuraldetailsof the head itself,so that the re-
corded pressure is actuallyan erroneousvalue q!, which
for practicalpurposes can be regardedas proportional”to
q regardless~f the speed. It is.there.forenbcessaryto
calibra= the pitot-statichea’dafter it is constructed v
in order to establishthe correctionfactor K = q/~’●

Knowledge.ofpito”t-staticheads 1,ssufficientto permit...
designing.a head for which this factor is very clos-to r
unity.

There are,an infinitenumber of possible forms for
pitot-stat”tchead. A satisfactorydesign based on con-
venience of–use and ruggednessis shown.in figures4 and
5. A straighttube with a roundednose has an opening in
the nose to obtain the total pressure P and openings
around its circumferenceat a ?!istanceof 3 diarn.etersfrom
the nose to obtain the sta”tic-~ressure p. The curvature
of the nose portion iq in accordancewith the equation

4

●

I

where d is the maximum ~iarneterof the tube and r is
the radius of a sectionat ai~y” distance x measuredfrom
the extreme tip. The curvatureterminatesat x =.d. The
tube, which has a diameterof 2“inches,.1sloaded with
lead !n wake it heavy enoughfor satisrag.jo’rys~spension
and is eq’ulppedwith stab.iljzingsurfacesto keep it point- . .

●
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“ed in the directionof flight. The.head weighs about.16
. pounds, this weight being necessaryin order to re&uce the.

tendencyfor the suspensioncable to swing back owing to
its drag. .-

h~ethodof suspension.-~~p,pitot-statiche-adis sus-
pended on a small flexible cable (1/8-inchdiameter ii
satisfactory)and the static and dynamicpres-suresare —
conductedthrough a patr of rubber tubes. The tubes and

. .

cable are tightly en~ased in a longitudinalstrip of ad-
hesive tape having a width considerablygreater%han the
circumferenceof the encasedtubes and ca%l”eso t-hat a
generous overlap of the edges of the tape is obtained.
This type of suspensionreplacesthe single-ductcable
shown.in figure 5, which is used when onIy the static pres-
sure is to be measured. In order to avoid excessivedrag
of the .tubin,

7
,theovtside diameterof these tubes s?iould

not exceed 1 4 inch and, owing to the .possi.bili!yof J_ag
in the transmissionof varyingpressures through these
tubes, they shouldhave an internaldiameter of at least .
3/32 inch. The recommendedsize of tubing is 3/16 inch
with a wall thicknessof 1/32 inch, which gives an outside
diameter of 1/4 inch.

Pressure Rae or manometer.-The pressure difference—— ————— .
at the ends of the tube can be observ”edby means of a co-rn-
mercial type of air-speed indicator,at least fo$ the upper
end of the speed range, or by means of a liquidmanometer.
The air-speedmeter should be checkedfor leaks and to Cle-
termi.newhether its calibrationis af,fectedby temperature
or position error (effectof changes in the directionof
the gravitationalforce with respect to the instrum&nt)
and whether there is any hysteresis..,.A liq~id manometer
should be so designed that it .i.snot materiallyinfluenced
-bychanges in.attitudeby providing it with two reseyvo-i-rs
symmetricallyplace,don either side of the glass t.u,bein_” ““
which the height of the liquid is observed. The error.due
to deviationof the manometerattitude from the vertical
will then be representedby the deviation of the cosine
of that angle from unity.. The design should be such that
surging of the liquid from one reservoirto the oiherties.not
develop an appreciablesuctionat the junctureof the tube
with the reservoir system,which would tend *O lower.the
reading in the glass tube. whether or not such an effect
e~ists can readily be detected ‘byobservingthe manometer
reading as the manometer is tilted slowly from side to
side. The reservoirsshould be large in comparisotiwith
the volume of the glass tube so that the change of Ievjl””—

—
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in them is smallas comparedwith that in the glass tube.
Such an arrangementtend~ to provide the maximum sensi-
tivity. The sensitivityis also improved%y the use of a
relativelylight l$quid such as alcohol rather than water.
The density of-alcoholor any other light liquidvaries
considerablywith temperature,however,and alcohol also
tends tm–absor’bmoisture so that the densitymay change
with time. If alcohol is used, the density must therefore
be carefullycheckedat the time the tests are made. Al-
cohol is recommendedin preferenceto any other light
liquid that might be used in place of water. The manome-
ter must be calibrated..

Then air speedsare varying rapidly,as in decelera-
tion tests for...whichit is necessaryto o%tain a close re-
lation betweenair speedand time, it is advisableto use
a recordinginstrumentsuch as the N.A.C.A, recordingair-
speed meter. This instrumentgives a contfinu~usphoto-
graphic record of the dynhmicpressurewith & time.scale,
but requiresattentionby an operatorwho is thoroughly
familiarwith it. Tor most airship tests visual observa-
t-ionsare sufficient.

r .- .——--—_Lag error due to cha~e of altitude.-One-additign_al—..———
‘ point that must be consideredwhen.measurement~a~-~mrade
while climbingor descendingis that erroneousreadings
may be obtainedunless precautionsare taken to eliminate
lag effects in the pressurelines. Owing to the changeof
staticpre%surewith height in this Sase, there is a change
of staticpressurewtth time. One side of the air-speed
system is subjectedsimplyto the staticpressure p and
the other side to the totalpressure P which is the sum
of the staticpressureand the dynamicpressure q. hctu-
ally p i% very lacge comparedwith q so that for pur-
poses of this argumentthe pressure in the two sides of
the system can %e regardedas a~roxima-telyequal. Then,
since p varies with time, both sides of the systemare
subjectedto the effect of the varyingyressure. Owing to
the differe~cein the volume of air in the two sides of the
li,neor to a differencein the restrictionsin the lines,
the effect of this varyingpressuremay not be the oame in
both lines,with the result that the recordeddynamic
pressurewill be”in error.“A “simpletest shows whether
or not the lag effectsare equal..A small pressure is ap-

---- plied simultaneouslyat both openingsof the pitot-static
head and as this pressure is”‘releasedso as to vary the
pressure rapidlyat the same r’atein each side of the sys-
tem, the readingof the pressuregage is observed. If the

.—

●

--
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gage shows an appreciable.d.eflectionfrom zero, the system
requiresmodification. This modificationcons~st=s~mply
in adding additionalvolume at the gage end of the side of
the system that shows the least lag, that is, the more””rap-
id drop in pressure. It may only be necessaryto add a
small length of tubing to provide the additionalvolume”
required. For an o~ditiatyair-speedmeter, however, there
is.a large differencein the volume on the two sides of
the gage so that it may %e necessaryto add & large volume j
to compensatefor this inequality. . .-

..2

Errors due to windgradient.- It i:_possi%lethat un--—-— —-—
der certain conditionsthere Day he a sufficientgradient
of wind velocitywith altitude so that the suspendedhead
and the airshipmay be travelingat differentvelocities
relativeto the air. In order to avoid the possibilityof
an appreciableerror from this source it seems advisable
to use the average of readingso%tained”by‘flightsin opp3-
site detections.

—

Qlculation of air s eed from observeddata.-From
the basic’relation q- —two expressionsare de--
rived, namely,

an-d

Vi = 45.08 G

v vi J-F —= -... —
.. .._

where vi is the indicatedair speed in miles per
hour —

q, the dynamicpressure in inches of water

v, the true air speed in miles per hour

8 = PJP$ the ratio of aix density at standard sea-
level conditionsto the density at which tests are made.
At standard sea-levelconditionsthe air is assumed to be
dry, the barometricpressure p. is 29.92 Inches of mer-
cury, and the temperature !!?Ois 59° F. The densitY Po
for these conditionsis 0.0023’78.The density p for any
ot’herconditionof temperatureand pressure for dry alr
can be found from the relation

P P. x
459.4 + T.
459.4 + T

—

-—

—
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which, upon substitutionof the above-mentionedstandard
valu~ of temperatureand pressure, reducedt.o

~vhere -p Ls the observedpressure in inches of mercury
and T., the observedtemperaturein degrees)?ahrenheft.
For the densityratio we can writ-e

Moisture in the.air reducesthe value of f) slightlyand~
if the effect of the moisture is neglected,the result is
a small negatfveerror in the calculatedvelocity. This
error can generallybe neglected,but for extremepreci-
sion, humidity should be taken bto accountas shown in
Appendix I. The pressure p in inchesof mercurymay be
found from the observedpressurealtitudeirifeet by ref-
erenceatostandardaltitudetables or charts. (See fig.
1.) A more convenientnethod is to have the calibration
of the altimeterused in the tests plottedagainstpres-
sure in inches of mercury.

The observeddata o%tainedin flight tests cannot be
used in the foregoingeq.uatlonswitF.oVtsome initialsteps.
The first step in any case is to correctthe observedread-
ings in accordancewith the calibrationof the pressure
gage used in the tests. The subsequentsteps dependupon
the type o.finstrumentused and the nature of the calibra-
tions. Two cases are assumed:

The dynamicpressure is expressedas q! in
termsa~f tha height Oi?~ liquid.

b. Dynamicpressure is expresseda~ .Vi~ in mile-
per-hourunits.

For case (a) the next step is to find q = q; r K where

I

.

—.

= ~~cific weight of liquidr —.— —.. and X is the pitot correc-
specificweight of-water–

tion factor. I’orcase (b) the next step is to find Vi =
vi! J-i.

.
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Speed-CourseMethod

Flight observations.-Keasurene-ntsof true air speed——
can be o%tainedby flying over a straightspeed c“oursein
oppositedirectionsor over a triangularcourse. (See also
Appendix II for other methods.) The deductionof true air
speed from the results of such tests presupposesthat the
course is clo-selyfollowed,that the wind speed is constant
as regards both its magnitudeand direction,and that the
timingis accurate. Yor satisfactoryresults tho wind
should be steadyand of low velocity relativeto tho speed
of the aircraft. Large cross-windcomponentsare likely
to introducedifficultyin followingthe required.~ro~nd
courses Accurate timing demands care in determiningthe
exact instanta specifiedpoint is passed. The obsorverls
line of sight shouldhe directednormal to the flight path
and, in order to insure accuracy,the landmark shouldbe a
line at right angles to the directionof flight or two
points on such a line.

Calculations.-If a straightcourse is used the prop-
er method of evaluationis to find

~—+>
1 “ “- “--Va=t12aX— .-

1.467

.-—

where S is the length of the course in feet

tl”and ta, the times in seconds for runs in oppo-
site directions

Va, the true air speed in miles per hour
uncorrectedfor the effect of a cross
wind

In general, it is not desirableto attempt to fly such a
course unless the wind is approximatelyparallel to the
course but, if there is an appreciablecross-windcompo- .-

nent, a correctioncan he made by the most convenientof
the two followingmethods:

v=

or
v =

v
—

a. .- —
cos a

Va2 -1-(Vw sin .0)2
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‘where V is the true air speed:”in miles per hour

a, the angle of drift -

Vw, the wind speed in miles per hour

and e, the angle between.the directiQnof the wind
and the speed course

If the triangularcourse is us6d, the true air speed
can best he determined”graphically,the”analyticalsolu-
tion being too laboriousand “inconvenientfor o~dinary
use. One point that should be mentionedin this connec-
tion is that the average of the ground speeds’for the
three legs does “notgive the correct resultk The error
‘isdependentonthe shape of the triangle,the magnitude
of the wind velocityas”a percentage“ofthe syeed of the
aircraft,the directionof the wind relativeto the ori-
entationof the triangle,and, unless the triangleis equi-
lateral,on the directionof flight around tlhocourse. —

The graphicalsolutionis illustratedin figure 6.
The geographical,orientationof the three legs of the tri-
an~le is required. Vec,torsrepresentingthe ground speeds
v~, V2, and V~ along.each of these three legs from a com-
mon point x are laid out in directionscorrespondingto
the orientationof the appropriatelegs. The extremities
A, I!.,and C of these vectors determinea circle,the cen-
ter O of which can l)efound %y a geometricalconstruc-
tion. This constructionconsist-s-simplyof finding the
mutual intersectio-nof the perpendicularbisectorsof the
t-lreesides of the triangle A, B, and C. The radius of
the circle representsthe true air speed V and a vector
drawn from X to O representsthe magnitudeand direc-
tion of the wind speed V .

E
If drift angles were observed

during the flights over t e speed course,.anindicationof
the ‘steadinessof t-howind can now be obtainedby drawing
air-speedvectors OA, 03, and OC and comparingthe drift
anGles thus indicatedwith those observed.

*

It may sometimesbe necessaryto interpretdata ob-
tained in runs during which the engine speed was not main-
tained constantfor the three legs of the triangle..A

—

fairly satisfactorycorrectionmay be possible in such a
case; for example,supposethat the engine speed is held
constantfor ,two,legs..of the trianglebut is reducedfor

—

the third le”g. T!heaveragespeed deducedfrom the vector
diagramwill lie betweenthat correspondingto the two en- .

.
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gine speeds. The air-..speedmeter readingsfor the three
legs, even though they are considerablyin error, can be
used to establishan approximatecorrectionfactor, %y
means of which the air speed correspondingto the higher
(or the lower, if desired.)engine speed can he found. If,
from the air-speedmeter readingsfor the three l“egs,it ‘ “
is deduced that the “airspeedswere roughly Val, Va=,

and Va=’ then, since Val= Tan~ the correctionfactor

%y which the average air speed deduced from the”vector di-
agram must be multipliedis

3va1
————
2vax + Vaa

If the air speed correspondingto
desired,the factor becomes

3va
3

Tva’ + v
1 aa

— —

a lower engine speed is

.- -- -

After V has been found, the correctindicatedair
speed may he calculatedfrom the relation Vi = where-~

8 is the density ratio as previouslydefined.

Conditionof Airship for Speed Trials -.

!l?rimor pitch angle (definedas the inclinationof
the longitudinalaxis to _theflight path) i,sa_n_important
considerationin speed trials. The dr~g””oft%e”airship
increasesto a marked extent with iricreasein pitch angle”
and, in order to obtain maximum speed,the airship must he
at approximatelyzero pitch. In order to illustratethe
effect of p-itch,fig”ure“7,wh”icha~plies to a model of the
U.S.S. Akron hull (reference4), is sho~ri,A,pitch“angle
of3° causes an increasein drag and power requiredof 9
percent with elevatorneutral and 25”percent with eleya~or
deflectedto “overcomethe pitich~ngmoment of “thehull;
whereas for 6° pitch the increaseis 33 percent or 71 per-’
cent, dependingupon whether or “no--tth”eelevatorsare de-
flected to obtain balance. ‘The’‘=gle of “jj-i’tchequali-the
inclinationof the hull in level flight,and hence c“an
readily be observed in speed trials. In any spe-edtrials,,. ..-
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conditionsof heavinessor light-ness~the averagepitch
angle for differentspeeds,and any other items that might
influencethe speed, such as unusual protuberancesof any
sort, modificationsof protuberances,conditionof engine,
etcg~ should be noted.

It is apparent from the foregoingremarks that if, in
ndrmal operation,the airship is to be flown heavy, it
would be advisableto determinethe speed characteristics
for the range of loads likelyto be carriedby dynamic
lift. The effect of the heavinesson the engine”speed and
fuel consumptionrequiredto fly at a given air speed is
likely to be very marked, particularlyat low cruising
speedswith correspondinglylarge pitch angles.

Interpretationof Speed Data

It is advisableto plot readingsof the air-speedme-
ter of the airshipagainst correct indicatedair speed Vi
in order to obtain a calibrationcurve for the complete
air-speedinstallation. This curvewill show the combined
effect of all errors, the principalone probably being
that due to thelocation of the fixed air-speedhead. The
magnitudeof this error is likely to be dependentto some
ext~nt on the afigleof pitch, so that the curve thus ob-
tained does not necessarilyapply to all conditionsof trim.
Thus, if the curve is obtainedwith the airship in static
buoyant equilibrium,some deviationcan be expectedwhen
the airship is heavy or light, and also when it is turni-ng.

True speed V shouldbe plotted against correctien-
gine speed N, This curve has import=ntcharacteristics,
If the airship is in staticbuoyant equilibriumso that it
flies at zero pitch, and hence.constantdrag coefficient
at all speeds,and if there is but one propeller.ormulti-
ple propellerssynchronizedto act as one propellerat all
speeds,this curve will be very”clos’eto a straightline
passing through zero. The sl.opeyill.dep~ndon the drag
coefficientof the airshipand the propellercharacteris- “
tics but will be independentof altitudeor mechanical --
conditionof the engi= . .Themaximum air speed will depend,
of:course,on tke na<imurnengine speedobtainableand hence
on,the altitudeand mechanicalconditionof the engine,but
the slope will remain”constant. The slope of the curve
will be altered if there are alterationsto the airship
that change either the propellercharacteristicsor the
drag coefficient.

4

J

.-
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If the airshi~ is not in equilibriumduring the speed
trials, the curve of V a ainst N

7
should she% a varying

slope with the ratio of .V N increasing.~i.thin,greasing
speed. This type of variationwill occur because of the
reductionin pitch angle, and hence dragcoefficient, with
increasingspeed. If the plot of the speed results shows
this type of variatioti,it serves,therefore,as an indica-
tion that the airship wasnot in equilibriumand that the
measured sp”eedsat the various engine speedswere not as
great as could have been obtainedwith zero pitch. The
curve will appro”ach.tliecurve correspondingto zero pitch
at high speed. —

.. .
Summaryof Test Procedure for Speed Trials

I. Suspended-headmethod: “ ‘ -

A. Observations:,

1.

2.

3.

4.

5.

6.

7.

8.

Dynamic-pressurefrom suspendedhead.

“Air“speedfrom air-sp,eedmeter of airship.

Outsideair temperature. . ~

Inside temper,atu;ein controlcar (unless
water manometer is used so that change bf
density of manometer liquid with tempera-
ture is negligible). .-

Pressure altitude (altimeterreading).

Incl.inat,io.n.

Engine speeds (tachometerreadinis).

Make note of such things as the.~uoyant-con-
dition of the airship,protuberancesor
openings,behaviorof synchronizationof
the engines,tindair conditionsthat are

.—

likely to.,havehearingon the speed re-
sults.. It might also be of assistancein”
interpretingresults, to obtainrecords of
controlposition and to observe the corn-
pass readingsat short regular intervals.
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B. Calculations:

1.

2.

,’

3.

4.

5.

6.

7.

,.

Correct readifigsof”dynamicpressurefor cal-
ibrationof instrumentto obtain qj (or
Vil if air-speedmeter is used).

(a) IJqui.dmanometer.-l@lti21y q! by pi-
tot correctionfac%or K and manome-
ter liquid-densityfactor r to ol)-
tain q, and then find correct indi-,. cated air speed from Vi = 45.08 fi.

(b) Air-speedmeter.-f;~:d correctindicated
air speed Vi

vi = v~~ JF

Correctaltimeterreadingsin accordancewith
calibrationto obtain correct barometric. .pressure p.

Same for thermometerto obtain ~.

Calculate “b from relation

Calculatetrue air speed from relation

v = vi J-T

Correcttachometerreadingsin accordance
with calibrationto find correctengine
speed.

c. Eiot:

1. True air sy~ed V against engine speed.

2. Correct indicatedair speed vi againet read-
ing of air-speedmeter-ofairship.

.

.

.

L.

—.

.
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II. Speed-coursemethod - straightcourse:
...—

A. Observations:

1. Time to traversecourse in oppositedire~-
tions, --

2; Angle of drift a or magnitude ‘Vw and di-
rection e of wind relativeto course.

3. Items 2, 3, 5, 6, ‘7,and 8 of 1A.

B. Calculations:

1.

2.

3.

4.

5.

Find Va from relation

s+&-—
tl t2 1Va = —–— –—–x

2 1.467

Correct Va for effect of cross wind to
find true air speed V from

Va
v = ———--

Cos a

or

v = J va2 + (Vw sille)2

Items 3, 4, and 5 of IB to find ~.

Calculatecorrect indicatedair s-peedVi

from Vi = —
A

Item 8 of 13 to find correct engine speeil,

co Plots:

Same as IC.

.

“
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III. Speed-coursemethod - triangularcourse:

A. Observations:

1. Time”for each leg.

2. Items 2, 3, 5, 6, ‘7,and 8 of 1A.

B. Calculations:

1.

2.

3.

4.

Find average true air speed by graphical
method (fig. 6).

Items 3, 4, and 5 of IB to find 6J

Find correct fndicatedair speed Vi from

‘i = ~’”

Item 7 of IB to find correct engine speed.

c. Plots:
.

Sane as IC.

RATE-OF-CLIMBME!ASUREHENTS

GeneralMethod

Under averageatmosphericconditionsrepresentedby
the standardatmospherethere is a definitepressure,tem-
perature,and density correspondingto any given altitude.
In actual cases there is some departurefrom the average
so that the relationsthat hold for the standa,rdconditions
can be regardedas only approximatefor any given case.
Altimeters,which are actuated by pressure changes,are
.graduatodin feet in accordancewith the variationof pres-
sure with altitude in the standardatmosphere. Hence the
reading of--an accuratealtimetermay be regardedas an ex-
act indicationof pr’essureand an approximateindication
of height or true altitude, In general,however,pressure
and density, or pressurealtitude hn and density alti-

,

.

.

.

tude hd, are the quantitiesdesi~e~. These items can
readily be obtained,the former being given directlyby

—.
.

.
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the altimeter readingand the latter being qbtainedfrom
calculationsbased on readingsof the altimeterand the
thermometer.

Although the true altitudemqy not be known, the true
rate of climb can readilybe.o%tainedby utilizingth~ bas-
ic relationbetweenaltitudechange and pressure change.

Ah = -A+
.,

where Ah

Ap,

p,

~s

is an incrementof altitude

the correspondingincrementi.npressure

the average air density for the altitudein-
crementbeing considered

the accelerationof gravity (g = 32.17 ft./
seco2).

Thus, the altitude change corresponding”toa given pressure
change depends on the average density p, which is deter-
mined by the average pressureand temperaturefor the in-
crement. From the preceding calculationthere is obtained
for the true rate of climb v~, the expression

Ah - Ap 1
vc’—=——

A+ At gp

At being the time intervalrequiredfor the observedpres-
sure change Ap. Then the angle of climb is obtainedfrom .—

—

1 Vce“y= sin-

“where 0 is the angle of climb

V, the true air speed .

The units of velocity, time, height, etc., must be c,pnsist-.
ent as explainedlater under Calculations.,-

It now becomes necessaryto”considerwhich-of t“he”v=-—”
—

ous items are finally desired. An analogy with heavier-
than-air cra,ftoffers little assistance,since the airship
is essentiallysustainedby static buoyancyrather than by

.
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dynamic forces. Ceiling is determinedlIYvolumesand
weights in re~afionto density,rather than”by engine
power, and is a height which it is not safe to exceed
rather than one which it is impossibleto exceed. The
ceiling”ofan airship can probably be detergi.nedbetter
from calculationsthan from-actualtests. Below the ceil-
ing no more power is requiredtn..climb than t-ofly level
as long as no dynamiclift is required. The factorsthat
limit the ability to ascend or.descend are essentiallythe
pitch control,or maximum inclinationpermittedly the de-
sign, and the capacityfor maintainingcorrectgas pres-
sure when the atmosphericpressure is varying. The alti-
tude at which the ascent or descent is made is generally
of no great importance. It appears,‘therefore,that we
are concernedchieflywith the rate at which the pressure
varies Ap/At, or the equivalentrate of change of pres-
sure altitude Ahp/At, and the angle of climb 0. If
climbs were to be made with dynamic lift the climbingabil-
ity would tend to become definitelydependenton engine
performance,in which case it appears that the true rate
of climt Vc should_beobtainedas a.function.of.alti$udg,
the pressure altitude

%
propably being better for this

purpose than densityaltitude“hd, althoughthere is some
doubt as to which shouldbe used.

.

I

,

Instruments

Some instrumentsIndicaterate of climb directly,the
reading of the instrumentsbeing dependenton the rate of
change of pressure. Such instrumentsare not recommended
for test work, althoughthey are us~ful in determiningat
a glance whether one is ascendingor descendingand the ap-
proximaterate. The standardtypes of Kollsmanaltimeters
for airplanesare small comp’actinstrumentsthat are gen-
erally satisfactoryand can be recommendedfor climb tests.
These instrumentshave an appreciablefrictionand must be
lightly tapped to insureaccuracy of the readings,unless
they are vibratedby other means. ‘iYhenthus vibratedthere
should be no perceptiblehysteresis.

The altitude scale is divided into feet in accordance
with the change ofpressure with altitude in t-h-estandard
atmosphere. The.iBstrument,.of course, shoul@_~ecali-
brated before it is used for test purposes,and it may be
convenientto have the calibrat-ionshow t-hescale reading
in feet againstPressure in inches of mercury. The Kolls- .
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man instrument, like most other altimeters,has an adjust-
able zero but, in order that one calibration-shallsuffice,
it is desira%lethat this adjustmentbe locked inposi!~on
before the calibrationis made. The instrumentthen tecomes
essentiallya simple aner.oitibarometerreadtig ~arometric .
pressures in foot units.

,- .-.
The ICollsmaninstrumentsare usually equip~edwith a

fttting on the back of tQe case that permit-sthe pressure
chamler to be connectedto a source of true“static~res-

—

sure. If’orairships this connectioncan be ignored since
at the relat.ivqlylow speedsobtaina~lewith airships the
pressure in the control car,~illnot differ from the tr{e ““ —
staticpressure by an amount sufficientto introduce~“se-
rious error into the baronetrigpreB.sure. It seemsproti
able that the error in pressure altitude from this source
would not be more than about-40feet at a speed of 70 miles
per hour, and.lessat lower speeds. The error will proba-
bly depend to some extentupon whether windows are open or
closed. If absoluteprecisionwere desi”red,it W“ou-ldte
necessaryto connect the ins~rument*O a suspendeds!at~c.
head. .—

Any type of calibratedthermometerwill probably be
satisfactoryfor determining“the.freb-airternper_a~ureif
it is freely exposed’to the outside air. Some con”s_id-er”a-
tion should,however, be given to the lag characteristics
of the thermometerbeca~se for..extremerates of ascent or
descent the lag may introducean appreciableerror. The
error for any given type of thermometerwill be propor-

..

tional to the rate of change of..tem~eraturean_dLhence, in
general, to the rate of change of altitude. The te-rnpera-
ture ordinarilyvaries with altitude”at the rate of aboti~
3° F. per thousandfeet, so that if the rate ~f.ascentor
descent~ere 2,,000feet per.minutethe temperatur_e-w~uld
vary 0.1 F. per second. Accordingto data given in ref~”
‘erence 5, the errors in”reading-withdiffe~entthermo-me-
ters forthis case would le approximatelyas follows:‘-

—. ___
-- .r.

Laboratorythermometer,mercury in glass lo F.

Lah’oratorythermometer,liquid.in glass _. “1+0”Y.

strut thermometer, liquid in glass, flat
bulb ., l~” F.., .——

. . . . . .. . . ..,-
Strut thermometer,liquid in,rn~talhelical
bulb .—” , .Qo ~*

---
Strut”therho”meter,ii~u”idin glass,””lar~e“ ““
cylindricalbull 3° l?.
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Since an error of 1° 1’.introducesan error of only about
0.2 percent in the calculateddensity, it appears thatithe
error due to lag.can usually be neglectedeven for the
high rate of ascent or descentassumed in this case. If
greaterprecision is desired,however,the relationb@-
tween temperatureand altitude can be establishedimmedi-
ately before or after the tests by readingsmade under
steadyconditions or at least while the variationin al-
titude is slow.

‘#hentiming the ascent or descent,the incrementsof
altitudefor which the time is taken shouldnot exceed
1,000 feet and smallerincrementsshouldbe used if feasi-
ble. The time for equal incrementsof altitude changeor
the altitude change for equal incrementsof time may be
observed,dependingupon which method is more convenient
with the apparatusavailable. Probably the best accuracy
will be obtainedby the formermethod with two or more
stop watches being used so that one watch can be started
and the other stoppedat each interval,and the time read-
ings noted betweenintervals. Another satisfactoryme~h-
od is to use a bank of stopwatchesmounted on a single
board and so arranged that they can be simultaneously
startedand independentlystopped,one watch being stopped
for each incrementof.altitudeobserved.

CALCULATIONS

‘ It will be assumed that the flight observationsgive
observedaltimeterreadings hPL‘‘ hP2’‘ etc., and times

t t2, etc.,1’ correspondingto those altitudes. Air.tem-
peratures Tl, Ta, etc., must aleo be known, of course,
before the rates of climb can be calculated.‘Furthermore,
it is assumed that the air speed is observedso that the
true air speed can be found.

The first step is to find the barometricpressures
correspondingto the observedaltimeterreadings., If the
calibrationof the instrumentis plotted againstpressure
in inchesof mercury as previouslysuggested,pressures
p , pa, etc.. will be obtaineddirectlyfrom the calibra-
tion. If the calibrationis plotted only against correct
pressure altitude

\
it will be necessaryfirst to find

~pl, hpa, etc., and ~en, by referenceto standardalti-

tude tables or charts,(see fig. 1) to find pz, p2, etc.
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The next s~pp,is..to.fZnd.,th.eair d.ensit$es.PI, pa,. . .
etc., correspondingto the observedpressu.re.san-dtemper-
atures.

3?1
PL ——.= 0.0412c)X459.4 + T1

.,.
,.

where p~ is in inches of mercury and TI is in degrees
Fahrenheit. Subsequentvalues of ‘p: are calculatedin a
similarmanner. Thus, for the first incrementof alti-
tude Ap = pa - pl. the correspondingincrementof time is

At = ta - tl, and the rate at which the
is

JQ!=p2-P1k
At ta-tl”

in inches of nercuryper secondwhen Ap
mercury and At is in secondsor.

in inches of”water per second.

The average value,of p, is

.. pi + “pa
——.—

2’

pressurevaries

is in tnches of

,,.

. . . —,:

Then, with pressure still expressedin inches of mercury,
the rate of climb in feet per second is

(P - p=) .1
Vc = - 70.7’ –<~– ,-

2 - tl (pl + p=) 32;
.—

2
●

the constant 70.7 being the conversionfactor for reduc-
ing pressure in inches of mercury to‘poundsper square foot.

The angle of climb $ is given by. , .—
.:.. Vc (f*p.s.)
e = sin-l —.———

1~467 V (mtip~

.-

-.

—

—
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For example,assume the followingdata to have %een
observed in a climb:

Altitude:

%.’
= 3,000 feet

%, ‘ = 4,000 feet

Time:

tl = o

t~ = 62 seconds

Temperature:

Tat =-73° F.

Indicatedair speed:

Vil = 50 miles per hour (average)

After the altimetercalibrationhas been consulted,
which it is assumedhas %een plotted so as to show both
the correctpressurealtitudeand actualpressure corre-
spondingto a given altimeterreading, suppose it is found
that

%
= 3,250 feet

%
= $,475 feet

2

.

.

d

.

,

!

the correspondingpressuresbeing

PI .=26.57”inchesmercury
. .

P2 = 25.39 inchesmercury

Similarly,From the.thermometerand air-speedmeter
calibrationis obtained

,. .
.

.
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T1 = 77° F.

!C2= 75° F.’ ..

vi = 47 miles per hour

The densitiesare

PL = 0.04120 X ~E~6~5; 77 = 0.002040.

P2 =-0.04120 X —~5=3g
459.4 + 75

= 0.00195’7

23

T?hen,the rate of change of pressure altitude is
.- . . —

Ahp 4475 - 3250
Er ‘ —–—-— = 19.75 f.p.s. (1185 f.p.m.)

62 ..

and the rate of than’ge’of pressure.. -.— ._._ .

A==. 25.39 - 26.57 ~ 13 59 = - 0.259 in. of ~ater/—.. —.
At 62-O

.
sec. (-15.54”in. of tiat6r/
min.)

The true rate ~ofclimb

v-
-70.7 (25.39- 26.57~x

c- . —-—.
62 :0 (O.002040 t 0~0~7~~——-—-

2.,

= 20.92 f.p.s. (1255 f.p.m.)

Since the average indicatedair speed is 47 miles per
hour and the averagevalue of p is 0.00200,the true air
speed is . ,.—

‘=4’ J===51*2;*P’”
Then, for the angle of climb,

20.92sin O = —–———— = 0.278
51.2 X 1.467

or
e = 16.2°
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Conditionof Airship for Climb Test-s

The conditionof the airship for clim”btests maY or
may not be important, dependingupon what factorslimit
the rate at which an ascent or descent can he made. It
does not seem feasible,therefore,to att”emptto stipulate
in general what the conditionof the airship shouldbe.
If the ability to maintainproper gas pressure limits the
performance, as is usually the case f-ora descent, the con-
dition of buoyancyand trim would probablybe unimportant.
If the pi’rchcontrollimitsperformance,the conditionof
buoyancyand trim might be important. For example,assume
that the airship is heavy so that a posit-ivepitch angle
is requiredin order to maintaina certaindynamiclift.
Aside from-thefact that the climbingperformancenow tends
to become dependenton horsepoweravailable,the heaviness
will have ,animportantbearingon the pitch contr~l. Air-
ships.,‘ingeneral,”are unstable so that a positiveangle
of pitch introducesa positivepitchingmoment tendingto
increasethe pitch. A negativetrimmingmoment must be
applied. If this negativemoment is applied by the eleva-
tor the result will be that, in maintainingthe.positive
pitch angle, the average elevatorposition will be down.
The net effect is”somewhatas though the neutralposition
of the elevatmrwere shifteddownwardso that the range of
downward elevatormovement is diminishedand the rang~ of
upward motion correspondinglyincreased. This change in
the effecttveelevatorrangemay have considerablebearing
on the ability to ascead or descend..

Interpretationof Climb Data

The results of the climb tests should show maximum
values for angle and rate of ascent and descent. They
shouldalso show, insofara’sis possible,what character-
istics of t-heairship limit the ability to ascend or de-
scend, as for example,controllability,valve capacity,or
blower capacity. In connectionwit-hitemspertainingto
valve and blower capacity,rate of changeof atmospheric
pressure,as well as the correspondingrate of change of
altitudes couldwell be shown.

.

.
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Summaryof Test Procedurefor Climb Tests

A. Observations:

1.

2.

3.

4.

5.

6.

Altimeterat regular intervals.

Time intervalbetween successivealtimeterread-
ings.

Outside air temperaturecorrespondingto each al-
timeterreading. .

Air-s’peedmeter.

Inclinometer.

Note amount of elevatorcontrol required,condh -.
tion of static buoyancy,and oth~r items that
appear to “besignificant.

B. Calculations:

(Note: In each of the following equationspressures
P are in inches of mercury, times t are in see-
ends, and temperatures T are in degreesFahren-
heit.)

1. Correctaltimeter,thermometer,and air-speedme-
ter readings in accordancewith calibrationto
f“>a,dcorrectpressure altitudes %1’ %2’
etc., and pressures p~s ??~$etc.; correct tem-
peratures Tl, T=, etc.; and correct indicated
air speed Vi.

2. l?indrate of change of pressure for successive
intervalsin inches of water ~er secondfrom

AP (P2 - P=)
A~= (ta - tl) x 13”59”

If desired, also find rate of changeof pressure
altitude in feet per secondfrom
~hl (hp, - hpl)
At = (t, - t~) “
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3.

4.

5.

6.

N.A.C.A. TechnicalNote No.,564

T’indsuccessivevalues of density PIJ p2, etc.,
from

Find true rates of climb for successiveintervals
in feet per secondfrom ..

-70.7 (p2 - PJ . 1
Vc = .--— —— -—

t2 - tl P +p
–~–z––~ 32.17

I’indaverage true air speed V in miles per hour
for successiveintervalsfrom

I

v

/

0;002378 ~= i m.p.h.

(
P~ + P2

2 )

l?indthe sine of angle of climl e in degrees

.

from
Vc (f*p.s.)

sin 6 = -—.—— .—
1.467 V (m.p.h.)

and 8 from trigonometrictables.

c. )?2-0 t :

It is apparent that no plotting is required. If
climbs with dynamic lift were made, however,there might be
some point in plotting rate of climb against air speed for
different-amountsof dynamiclift at a given altitud-eor
rate of climb againstaltitude (preferablypressurealti- .
tude) for given amounts of dynamic lift.

Langley MemorialAeronauticalLaboratory,
NationalAdvisory Comm3tteefor Aeronautics,

LangleyYield,,Va~,March 26, 1936.
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APPENDIX I

Density of Xoist Air

Moist air is slightlylighter than dry air because it
is a mixture of air and a small quantityof water vapor
(steam),and the latiteris lighter than air. The first
step required to determinethe density of the mixture is
to find the partialpressure of the water vapor so that
the total barometricpressure p may be divided into two
parts>

=P Pa +pw,

where Pa is the partial pressure of air .-

and Pm is the partialpressure of the water vapor.

Wet-bulb and dry-bulb temperaturereadingsare requiredin
order to calculate pw hy means of Carrier!sequation

!~_~.-~~~~‘T - ‘w) in~hes of mercUrYP~ = Pw’ - 2’755- 1.28 Tw

where T is the dry-bulbtemperaturein degreesFahren-
heit

Tw, the wet-bul% temperaturein c?egreesI?ahrenheit

P=’~ vapor pressure in inches of mercury corre-
spondingto the temperature Tw

p, barometricor total pressure in inches of merc-
ury. (See standardtextbooksof thermodyn-
amics for a more completeexplanation;for
example, reference6.)

In order to..find Pw‘ it is necessaryto refer to
standard steam tables for saturatedsteam (reference7).
Table I, which has been copied from reference7, has been
includedfor convenience. The density pw of the water
vapor can then be found from

0.0256 @w
P~ = —–––—459.4 + T

_—— :-:..

—
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The density of the dry air is

0.04120pa
Pa = ~~3.4+ T — -

and the density p of the mixture is the sum of t-%-etwo,
or

0.0256 -pW+ 0.04120--Pa
P = ____—.——.

459.4+ T

In order to show the error involvedby neglectingthe ,

humidity,the ratio of the densitiesof humid and dry air
at any given temperatureand pressure can be written -.

p(hwmid)—-— ——
(
1- (3.378~~

p(dry) = P )

Example:

T = 80° I’.

Tw = 70° l’.

P = 29.42 inchesof mercury

From t-abl-eI the vapor pressure pm correspondingto the
wet-lnzlhtemperatureof 70° is found to be 0.’739inch of
mercury. Then

(29.42 - 0.739) (80 - 70) = oo62~
Pm = 0.739 - –––—2755 - “1.28 X 70

and
Pa = 29.42,,-0.63”= 28.79

so t-hat

P
= (0.0256 X 0.63) + (0.04120 x 28.79) = 0,002228———-—————- ——.——

459.4 + 80

The ratio

P(humid) ~ - 00378 x 0.63——————.— ——— = 0.992
p(dry) = 29.42

—.

. .
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which shows that the error in deasitydue to neglecting
humiditywould have been 0.8 -percent.The resultsof this
error as regardsthe conversionof indicatedair speed to
true air speed would have been an error of -0.4 percemt
in true air speed.

APPENDIX II
. .

Additional Speed-CourseMethods
.. .

In additionto the speed-courseuethods discussedin
the main body of the text, Dr. Arnstein of the Goodyear-
ZeppelinCorporationhas recommendedtwo additionalmeth-
ods. Tor one of them two neighbo;in-g%t n{t n=cessar”ily”-
adjoining straightcoursesarranged in the shape of an L

.—

or T are used. The two legs are followed in one direc- __
tion and then retraced. The evaluationcan be made as for’
the triangular.course except that thero are four instead
of t’hreefactors from which to determinet’hecirclo~ so
that to some extent a check on the accuracy is oytalnod:

-—..&

The other method is limited in its applicationto parts of
the countrywhere long parallel landmarks–su–chas roads
are available. When such land.-~rksar~-available,the
method appears to have considera~leadvantageover other
speed-cotirs-e‘-metho—ds.A ‘sum~~ryof the-me~==s ~scribe~’=- ‘“
in a Goodyear-ZeppelinCorporationreyortby ~r. K-lemperer,
follows:

.-..__ ..—-.—..—

From an accuratemap two parallelroads, say 5 miles
apart, are selectedas the parallel landmarks. A COilpllSS
course is set exactlyat right angles to these roads and
held without regard to the ground path as the crossing is
made from one road to the other. (See fig. 8.) The com-
pass course is then reversedand a return is made. It can
readily he proved that, from the two crossingtimes, the
true air speed V in niles per hour is obtainedwithout
graphicalanalysis by means of the equation”

.—
--

..-

V = *( )IJ+,L_ ~ 1
tl tz 1,4,&7 —

where L is the perpendiculardistancein feet between
the landmarksand t~ and t2 are the crossingtimes for

.-

tfietwo directionsof flight.

.

.
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TABLE I. RELATIO~T3ETW3EKTdl.~ERA!!!UREAND V~OR PRESSURZ!S
OF S.iTURATE~STEAM*

Perrperature Pressure ! Temperature Pressure

o F.
1

in. ag [ oF. ”

L-

in. Hg
32 0.1804 70 0.73”9
33 .1878 71 .764
34 .1955 72 .790
35 .2034 73 .817.— —
36 .2117 74 .845
37 .2202 .75 .873
38 .2290 76 .903
39 .2382 ’77 .933
40 --.2477 78 .964
41 .2575 79 ~996—

.2677
:

80 1.029
1.063
1.098

--:+ 1 ;!!! ,!! “--–

1.134
1.171
1.209

48 .3363 86 1.248
49

-1-
.3492 1 ‘ ;: 1.289

50 .3625
I

A-

1.331—— —. —. .—— —--——
51 .3762

—.
89 l.373—

52 .3903
I

90 1● 41”7
53 i .4049 I 91

I
1.462

54
1

.4201 ~ 92 1.508
55 4357 : 93 1.556—— ..—”
56 I

————.
.4518 94 1.605

57 .4684 95 1,655
53 .4856 96

.4

1.706
59 .5034

~
9? 1.759

60

T

.522— .— ---- _— — ——- -. —. .—
61 9541
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